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(57) ABSTRACT

A photoelectric composite wiring module includes a circuit
substrate, an optical device, an LSI (device) having a driver
and an amplifier for the optical device, and a thin film wiring
layer having an electrical wiring. The optical device 1s con-
nected with the LSI by means of the electrical wiring. The
optical device 1s formed on the circuit substrate and optically
coupled to an optical waveguide formed 1n the circuit sub-
strate. The thin film wiring layer 1s formed on the optical
device to ensure that the optical device 1s electrically con-
nected with the electrical wiring of the thin film wiring layer.
The LSI 1s mounted on and electrically connected with the
thin {ilm wiring layer.

18 Claims, 6 Drawing Sheets
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PHOTOELECTRIC COMPOSITE WIRING
MODULE AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photoelectric composite
wiring module that processes a large amount of optical sig-
nals transmitted and received by a transmission device, and to
a method for manufacturing the photoelectric composite wir-
ing module.

2. Description of the Related Art

In recent years, infrastructures for communication traific
of optical signals have been rapidly improved in the informa-
tion and communication fields. Optical fiber networks such as
backbone, metro and access networks have so far been devel-
oped for a relatively long distance of several kilometers or
more. From now, 1t 1s effective to use optical signals also in
order to process, without a delay, a large amount of data that
1s transferred over a short distance, 1.e., between transmission
devices whose distance 1s a length of several meters to several
hundred meters or between components in a device whose
distance 1s as short as several centimeters to several ten cen-
timeters. With such a trend, an attempt has been made to use
optical signals for performing data transfer between LSIs
incorporated in an information device such as a router or
server or between an LSI and a backplane.

To build an optical signal transmitting structure, it 1s 1impor-
tant to properly design coupling portions between a photo-
clectric transducer (optical device) and an optical waveguide
or an optical transmission channel such as an optical fiber. For
transmission of light emitted from a light emitting device to
an optical wiring or for incidence of light transterred through
the optical transmission channel 1n a light recerving device,
the optical device needs to be aligned with the optical trans-
mission channel with high accuracy in order to achieve thor-
oughly efficient optical coupling. On the other hand, when
mass productivity and practicality are taken into consider-
ation, 1t 1s desirable to mount optical couplers and LSIs used
for an information device 1n such a manner that they may be
casily removable and replaceable.

For example, JP-A-2006-133763 discloses a module hav-
ing an optical device and an optical transmission channel. The
optical device 1s aligned with the optical transmission channel
by means of a guide pin for their optical coupling, while the
optical device and an LSI are mounted by means of socket
pins. Thus, the optical device can be aligned with the optical
transmission channel relatively with ease. In addition, a
mounting and demounting operation of the LSI 1s easy to
perform since the LSI 1s mounted by using the socket pins.

JP-A-2004-233991 discloses a module having a substrate
and an LSI. The substrate includes an optical waveguide and
an optical device that 1s located under the optical waveguide.
In operation, the optical device 1s adapted to transmit an
optical signal to the LSI.

SUMMARY OF THE INVENTION

The modules disclosed 1n JP-A-2006-133763 and JP-A-
2004-233991 have the following problems. First, a distance
between the optical device and the LSI cannot be reduced. In
the structure described in JP-A-2006-133763, the optical
device 1s located not directly below the LSI but outside the
L.SI. In order to transmit a signal from the LSI to the optical
device, the LSI and the optical device need to be connected to
cach other by means of an electrical wiring. In the structure
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described 1n JP-A-2004-233991, the optical device 1s located
on the opposite side to the LSI with respect to the substrate.
Thus, the length of an electrical wiring extending from the
optical device to the LSI 1s large. Even when the LSI transmits
a signal at a higher transmission rate, a transmission rate in the
clectrical wiring 1s limited. Thus, the transmission rate 1s not
obtained sufficiently. In addition, since the long electrical
wiring 1s laid, an optical loss 1s increased by amounts corre-
sponding to the excessively long part of the total length of the
clectrical wiring. As a result, power consumed by the module
may be increased. Since the module cannot have a sutliciently
high packaging density, the substrate of the module may be
made larger. When the optical device i1s to be efliciently
aligned with the optical transmission channel over all of the
channels with positional tolerances of a guide pin and a socket
pin 1n mind, a large stress 1s applied to a joint portion of the
optical device and the optical transmission channel. It 1s
expected that the reliability of the module will be significantly
decreased.

An object of the present imnvention 1s to provide a photo-
clectric composite wiring module that has a detachable LSI
and an optical device with a small distance between the LSI
and the optical device, and 1s capable of transmitting a signal
at a high rate per channel and operating with low power
consumption, and has a detachable part for practical use, a
transmission device using the photoelectric composite wiring,
module, and a method for manufacturing the photoelectric
composite wiring module.

To accomplish the object of the present invention, a pho-
toelectric composite wiring module 1ncludes:

a first circuit substrate having an optical waveguide 1n
which an optical signal propagates;

an optical device mounted on a surface of the first circuit
substrate and optically coupled to the optical waveguide;

an insulating film formed on the first circuit substrate and
the optical device;

a wiring pad mounted on the msulating film;

an electrical wiring connecting the optical device with the
wiring pad; and

a first semiconductor device mounted on and electrically
connected with the wiring pad;

wherein the optical device 1s located on a surface of the first
circuit substrate, the surface of the first circuit substrate fac-
ing a side where the first semiconductor device 1s provided,
the surface of the first circuit substrate being within a plane
which projects the first semiconductor device on the surface
of the first circuit substrate.

According to the present invention, the semiconductor
device and the optical device can be electrically connected to
cach other by means of the thin film electrical wiring having
a small length. This structure leads to an increase 1n a trans-
mission rate per channel and prevents an increase in power
consumption. In addition, the semiconductor device 1is
mounted by means of a conventional simple technique such
as solder bonding. Thus, the semiconductor device can be
casily mounted, removed, and replaced with another one
without any special technique. Furthermore, the semiconduc-
tor device can be mounted on a board of an information device
by means of a conventional bonding technique or a connector
without any special technique such as a high-accurate posi-
tioning technique. Thus, the semiconductor device can be
casily mounted, removed and replaced with another one.

The photoelectric composite wiring module, therefore, 1s
capable of transmitting a signal having a large amount and
being easily assembled.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a photoelectric
composite wiring module according to a first embodiment of
the present invention.

FIGS. 2A to 2F are schematic diagrams showing a method
for manufacturing the photoelectric composite wiring mod-
ule according to the first embodiment of the present invention.

FIG. 3 1s a schematic diagram showing a photoelectric
composite wiring module according to a second embodiment
of the present invention.

FIG. 4 1s a schematic diagram showing a photoelectric
composite wiring module according to a third embodiment of
the present invention.

FIGS. 5A to 5F are schematic diagrams showing a method
for manufacturing the photoelectric composite wiring mod-
ule according to the third embodiment of the present inven-
tion.

FIG. 6 1s a schematic diagram showing a photoelectric
composite wiring module according to a fourth embodiment
ol the present 1nvention.

FIG. 7 1s a schematic diagram showing a photoelectric
composite wirtng module according to a {ifth embodiment of
the present invention.

FIGS. 8A to 8F are schematic diagrams showing a method
for manufacturing the photoelectric composite wiring mod-
ule according to the fifth embodiment of the present mven-
tion.

FIG. 9 1s a schematic diagram showing a photoelectric
composite wiring module according to a sixth embodiment of
the present invention.

FIG. 10 1s a schematic diagram showing a transmission
device according to a seventh embodiment of the present
invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiments of the present invention are described below
in detail with reference to the accompanying drawings.

First Embodiment

FIG. 1 1s a cross-sectional view of a photoelectric compos-
ite wiring module according to the first embodiment of the
present invention. The photoelectric composite wiring mod-
ule has a first circuit substrate 1. The first circuit substrate 1
has two optical waveguides 11 that serve as optical transmis-
sion channels. The first circuit substrate 1 has electrical wir-
ings 12 above or under the optical waveguides 11. The first
circuit substrate 1 also has a surface layer 13 and electrode
pads 14. The electrode pads 14 are provided 1n the surface
layer 13. The electrode pads 14 are electrically connected
with the electrical wirings 12, respectively. Each of the opti-
cal wave guides 11 includes an edge portion 15 having a
surface inclined at an angle of 45 degrees. Each of the edge
portions 15 serves to change a traveling direction of an optical
signal 91 to a different direction to ensure that the two direc-
tions form an angle of approximately 90 degrees. In the
present embodiment, the each of the optical waveguides 11
has two layers so that the first circuit substrate 1 has a high
substrate density. Each of the optical wavegumides 11, how-
ever, may only have one layer. Alternatively, each of the
optical waveguides 11 may have three or more layers.

The photoelectric composite wiring module has optical
devices 2a and 2b6 on the surface layer 13 of the first circuit
substrate 1. In the present embodiment, the optical device 2a
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4

1s a surface emitting semiconductor laser (light emitting ele-
ment), and the optical device 256 1s a surface incident photo-
diode (light receiving element). To achieve a high substrate
density, 1t 1s desirable that each of the optical devices 2a and
2b6 be of array type. That 1s, the optical device 2a preferably
has a plurality of light emitting points, and the optical device
2b preferably has a plurality of light receiving surfaces. How-
ever, the optical device 2a may have only one light emitting
point (or may be of one channel type), and the optical device
26 may have only one light recerving surface (or may be of
one channel type). The optical device 2q has electrodes 21a,
22a. The optical device 2b has electrodes 215 and 22b. The
clectrodes 21a and 22a cause a current to flow 1n the optical
device 2a, while the electrodes 215 and 224 cause a current to
flow 1n the optical device 2b. The electrodes 21a,22a, 215 and
22b are located at the side opposite to the side of the circuit
substrate 1. As shown 1n FIG. 1, the electrodes 21a and 22a
are located on an upper side of the optical device 2a, and the
clectrodes 215 and 2256 are located on an upper side of the
optical device 2b. The photoelectric composite wiring mod-
ule has a thin film wiring layer 3 that includes an electrical
wiring 31. The electrical wiring 31 of the thin film wiring
layer 3 1s formed on the optical devices 2a and 2b. The
clectrodes 21a, 22a, 215 and 2256 are electrically connected
with the electrical wiring 31. The thin film wiring layer 3 also
includes electrical wiring layers 33, 35, insulating layers 31,
34 and electrode pads 36. Each of the electrode pads 36 has a
surface serving as a part of a surface of the thin film wiring
layer 3. The optical device 2a has electrode pads. The optical
device 26 has electrode pads. The electrode pads of the optical
devices 2a and 25 are electrically connected with some of the
clectrode pads 36 through vias 32, respectively. The electrode
pads 14 of the first circuit substrate 1 are electrically con-
nected with the other electrode pads 36, respectively. The
clectrode pads 36 are located above the optical devices 2a and
2b.

The photoelectric composite wiring module has an LSI
(semiconductor element) 4 located above the thin film wiring
layer 3. The LSI 4 has electrode pads 41. The electrode pads
41 are electrically connected with the electrode pads 36 of the
thin film wiring layer 3 through bumps 42. The bumps 42 may
be solder balls, stud bumps made of Au, or plated bumps. In
the present embodiment, the LSI 4 includes a driver for a
semiconductor laser and an amplifier for a photodiode output
signal. The semiconductor laser driver and the photodiode
amplifier may be separated from the LSI 4. In the present
embodiment, the optical devices 2a and 26 are located
directly under the LSI 4. That 1s, the optical devices 2a and 25
are located 1n a projection plane obtained by projecting the
LLSI 4 onto the first circuit substrate 1. Thus, distances
between the optical devices 2a, 25 and the LSI 4 are made
small. In this structure of the photoelectric composite wiring
module, a transmission rate 1s higher while power consump-
tion 1s low. Since this structure has a small distance of wiring,
the module can be easily manufactured.

The following describes an example of a method for manu-
facturing the photoelectric composite wiring module (shown
in FIG. 1) with reference to FIGS. 2A to 2F. FIG. 2A shows
the first circuit substrate 1 having the two optical waveguides
11, the electrical wirings 12 and the electrode pads 14. The
optical devices 2a and 2b are located on the surface layer 13
to ensure that the optical devices 2a and 2b are respectively
optically coupled to the optical waveguide edge portions 15
(refer to FIG. 2B). In the present embodiment, an adhesive 51
1s used to bond the circuit substrate 1 with the optical devices
2a and 2b. The adhesive 51 1s transparent to a wavelength of
light used 1n the module. The adhesive 31 1s transferred to
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surfaces (to be bonded to the circuit substrate 1) of the optical
devices 2a and 2b belore the bonding. Then, the optical
devices 2a and 2b are mounted on the circuit substrate 1 under
the condition that the adhesive 51 1s transferred to the surfaces
of the optical devices 2a and 2b. However, the adhesive 51
may be dropped onto the circuit substrate 1. To mount the
optical devices 2a and 25 on the first circuit substrate 1, it 1s
necessary that the optical devices 2a and 25 be aligned with
the edge portions 15 of the optical waveguides 11 so as to
elficiently optically couple the optical devices 2a and 2b to
the edge portions 15 of the optical waveguides 11, respec-
tively. Thus, a mounting device (mounter or bonder) used to
mount the optical devices 2a and 26 has a necessary degree of
mounting accuracy. When the optical devices 2a and 26 of an
array type are used, the number of the light emitting points of
the optical device 2a and the number of the light receiving
surfaces of the optical device 256 are larger compared with
optical devices of a one channel type. However, the light
emitting points and the light recerving surfaces are not mis-
aligned. Even i1 at least one of the emitting points and the light
receiving surfaces 1s misaligned, the misalignment(s) of the
light emitting points and the light receiving surfaces 1s very
small and can be 1gnored. This results from the fact that the
light emitting points and the light recerving surfaces are
simultaneously formed 1n a water process. In addition, the
edge portions 15 of the optical waveguides 11 are not mis-
aligned. Even 11 at least one of the edge portions 15 of the
optical waveguides 11 1s misaligned, the misalignment(s) of
the edge portions 15 of the optical waveguides 11 1s very
small and can be 1gnored. This results from the fact that the
edge portions 15 are simultaneously formed by photolithog-
raphy or the like. The optical devices 2a and 25, therefore, can
be mounted on the circuit substrate 1 with a stmilar degree of
accuracy to that necessary for the optical devices of one
channel type. It the optical devices were optically coupled to
the edge portions ol the optical waveguides after being
mounted on the module 1n a similar way to the module dis-
closed 1n JP-A-2006-133763, a significantly high degree of
mounting accuracy would be required since misalignments of
channels occur. The present invention can solve the problem,
and the photoelectric composite wiring module according to
the present invention can be easily formed with a high degree
of mounting accuracy. In addition, such excessive stresses as
may be applied to joint portions of the module described in
JP-A-2006-1337763 are not applied to the photoelectric com-
posite wiring module according to the present invention. In
addition, the optical devices 2a and 256 are optically coupled
to the optical waveguides 11 with distances (i.e., the lengths
of upper cladding portions of the optical waveguides, or the
thickness of a resin layer formed on the surface layer) of
several micrometers to several tens of micrometers, respec-
tively. Thus, higher optical coupling efficiency 1s attained.
The photoelectric composite wiring module according to the
present embodiment does not have an air layer between the
optical devices 2a, 2b and the optical waveguides 11. This
does not lead to a reductlon in optical output of the module
that would otherwise be caused by intrusion of dust or a
droplet. In the module disclosed 1n JP-A-2006-133763, since
the optical device and the optical transmission channel (opti-
cal waveguide) are located far from an optical coupling
region, the optical device and the optical transmission chan-
nel may be subjected to deformation caused by an external
force and a thermal stress applied. Such deformation may
cause a reduction 1n optical output of the module described 1n
JP-A-2006-1337763. In the photoelectric composite wiring
module according to the present embodiment, such a reduc-
tion 1n the optical output does not occur. The photoelectric

10

15

20

25

30

35

40

45

50

55

60

65

6

composite wiring module formed by the simple method
described above provides a higher optical coupling efficiency
and stability of the optical output. The photoelectric compos-
ite wiring module may have a light collection mechanism
between the optical devices and the optical waveguides to
turther improve the optical coupling efficiency.

For the method of fixing the optical devices 2a and 25, an
opaque adhesive may be used as long as 1t does not obstruct
optical paths. The optical devices 2a and 26 may be fixed to
the circuit substrate 1 by soldering if the surfaces (located at
the side of the circuit substrate 1) of the optical devices 2a and
2b can be metalized.

To form the thin film wiring layer 3 on the optical devices
2a and 2b and the first circuit substrate 1, insulating varnish
resin 1s coated on the circuit substrate 1 to form the electrical
wiring (first thin film insulating layer) 31. In the present
embodiment, lithography 1s carried out using a photosensitive
insulating resin material 1n order to form through-holes 32 1n
the insulating resin. After that, the resin material 1s hardened.
Then, the vias 32 are formed to electrically connect electrodes
of the optical devices to electrodes of the first circuit substrate
1. Thus, a structure shown 1n FIG. 2C 1s formed. To form the
insulating resin, a B-stage resin film may be pressed and
bonded to the first circuit substrate 1. Alternatively, the fol-
lowing method may be performed to form the first thin film
insulating layer 31. A resin sheet having through-holes (in
which the optical devices can be mserted) 1s pressed and
bonded to the first circuit substrate 1, and varnish is filled into
spaces located between surfaces (of the resin sheet) forming
the through-holes and the optical devices 2a and 25. To form
the through-holes 32, dry etching, a method using a laser,
sandblasting or the like may be performed. Next, in order to
form the thin film electrical wiring 33, an electrically plated
copper film 1s filled 1nto the through-holes 32. A method (not
shown 1n the accompanying drawings) for forming a wiring,
layer made of the electrically plated film 1s described as
tollows. First, a seed film 1s formed on the entire upper surface
of the structure shown in FIG. 2C by sputtering. The seed film
has an adhesive chromium layer and a copper layer laminated.
Then, copper 1s electrically plated and filled 1nto the through-
holes. In the present embodiment, the structure 1s of filled-via
type. The structure may be of conformal type, which does not
have a conductive body at the center thereof. In addition, the
clectrical plating may not be performed, and only the sput-
tering may be performed to form the thin film electrical wir-
ing 33. In this way, the copper film 1s formed on the entire
upper surface of the structure shown in FIG. 2C. Then, sepa-
ration of a wiring pattern 1s performed by lithography to form
a structure shown 1n FI1G. 2D.

The process shown 1n FIG. 2C and the process shown 1n
FIG. 2D are repeated to form a second insulating layer 34 and
a second electrical wiring 35 of the thin film wiring layer 3
(refer to FIG. 2E). The electrode pads 36 are formed 1n the
uppermost layer of the thin film wiring layer 3. A material
appropriate for the bumps 42 (used to bond the LLSI 4 to the
thin film wiring layer 3) 1s used for the electrode pads 36. The
clectrode pads 36 electrically connected with the optical
devices 2a and 2b are located directly above the optical
devices 2a and 2b. In the present embodiment, an N1—Au
film (not shown) 1s formed as a solder connection electrode.
In the present embodiment, the thin film wiring layer 3 has the
two layers. One of the layers includes the insulating layer 31
and the wiring 33, and the other layer includes the insulating
layer 34 and the wiring 35. The thin film wiring layer 3 may
have only one layer (including the isulating layer 31 and the
wiring 33), or may have three or more layers, depending on
the LSI, the optical devices 2a and 25, and the wirings
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between the LSI 4 and the first circuit substrate 1. A known
method other than the method according to the present

embodiment may be performed to form the thin film wiring
layer 3.

Lastly, the LLSI 4 1s formed on the thin film wiring layer 3
(refer to FIG. 2F). In the present embodiment, the LSI 4
includes the semiconductor laser driver and the photodiode
amplifier integrated. The LSI 4 1s bonded to the thin film
wiring layer 3 by means of the bumps (Sn-based bumps) 42.
Specifically, after the LSI 4 1s mounted on the thin film wiring
layer 3, reflow bonding 1s performed to bond the LLSI 4 to the
thin film wiring layer 3. The driver and the amplifier may be
separated from the LLSI 4 and mounted on the thin film wiring
layer 3. Ultrasonic bonding using an Au bump, bonding using
an Au bump and solder, bonding using a plated bump and
solder, or the like may be performed to bond the LSI 4 to the
thin film wiring layer 3. The advantage of the solder bonding,
1s that the LSI 4 can be easily removed from the module and
replaced with another one by increasing the temperature of
the bumps to a temperature higher than the melting tempera-
ture of the solder used.

In order to improve mass productivity of the photoelectric
composite wiring module according to the present invention,
the photoelectric composite wiring module may have redun-
dancy. In this case, the photoelectric composite wiring mod-
ule has at least one pair of an optical device and an optical
waveguide that are not used 1n a normal operational state, and
has at least one pair of an optical device and an optical
waveguide that are used 1n the normal operational state. If a
tailure occurs 1n the thin film wiring layer located between the
optical device and the LSI, or i1 a failure occurs 1n the optical
device or 1n the optical waveguide, the spare optical device,
the spare optical waveguide, or a spare wiring 1s used. When
the module having redundancy 1s formed without a failure,
the module 1s set such that a spare circuit cannot be used
physically or as a circuit.

Second Embodiment

Next, a photoelectric composite wiring module according
to the second embodiment of the present invention 1s
described with reference to FIG. 3. The photoelectric com-
posite wiring module according to the second embodiment
has a second circuit substrate 6. The optical devices 2a and 25
are mounted on the second circuit substrate 6. This structure
1s different from the photoelectric composite wiring module
according to the first embodiment. The second circuit sub-
strate 6 includes an insulating substrate 61, wirings 62, 63
(located on upper and lower sides of the substrate 6) and a
through-hole via 64. The through-hole via 64 electrically
connects the wirings 62 and 63 with each other. The second
circuit substrate 6 1s used to easily imspect the optical devices
2a and 2b. When the optical devices 2a and 25 mounted on the
second circuit substrate 6 are inspected, easy handling of the
optical devices 2a and 256 1s permitted, and 1t becomes easy to
apply currents to the optical devices 2a and 2b. In the second
embodiment, the optical devices 2a and 26 having large size
can be mounted on the first circuit substrate 1, resulting 1n
casy handling.

To bond the optical devices 2a and 25 to the second circuit
substrate 6, solder 65 containing an Au—>Sn material as a
main component 1s used. Ultrasonic bonding using an Au
bump, bonding using an Au bump and solder, a conductive
adhesive, or the like may be performed or used to bond the
optical devices 2a and 26 to the second circuit substrate 6.

In the second embodiment, the optical devices 2a, 2b are
bonded to the first circuit substrate 1 under the condition that

10

15

20

25

30

35

40

45

50

55

60

65

8

the optical devices 2a and 26 are bonded with the second
circuit substrate 6. The optical devices 2a, 2b are located at

the side of the first circuit substrate 1 with respect to the
second circuit substrate 6. The second circuit substrate 6 has
an electrode 63 that 1s electrically connected to an electrode of
the than film wiring layer 3. This structure 1s different from the
module according to the first embodiment. Other configura-
tions of the module according to the second embodiment are
the same as those of the module according to the first embodi-
ment. The adhesive 51 covers the whole optical device 2a and
the whole optical device 26 and 1s coated on the second circuit
substrate 6. The adhesive 51 may be coated only on surfaces
of the first circuit substrate 1 that the optical devices 2a, 25
face 1n a similar way to the first embodiment.

Third Embodiment

Next, a photoelectric composite wiring module according
to the third embodiment of the present invention 1s described
with reference to FIGS. 4 and 5A to SF. FIG. 4 1s a cross-
sectional view of the photoelectric composite wiring module
according to the third embodiment. FIGS. 5A to SF are sche-
matic diagrams showing a method for manufacturing the
photoelectric composite wiring module according to the third
embodiment. In the present embodiment, the optical device
2a has an electrode 23a located at the side of the first circuit
substrate 1, and the optical device 25 has an electrode 235
located at the side of the first circuit substrate 1. The first
circuit substrate 1 has electrodes 16 on its surface. The elec-
trodes 16 are provided for connections of the optical devices
2a and 25. The electrodes 16 are bonded to the optical devices
2a and 25 by means of bumps 24 (24a and 24b), respectively.
The electrodes 16 are connected to the vias 32, respectively.

In the third embodiment, the electrodes 16 of the first
circuit substrate 1, which are electrically connected to the
respective optical devices 2a and 2b, are located near the
optical devices 2a and 2b (refer to FIG. 5A). The optical
devices 2a and 256 are bonded to the first circuit substrate 1 and
clectrically connected to the electrodes 16 of the first circuit
substrate 1. In the present embodiment, the bumps 24 are stud
bumps made of Au. The stud bumps 24a, 245 made of Au are
respectively formed on the electrodes 23a, 235 of the optical
devices 2a and 2b before the optical devices 2a and 25 are
bonded to the first circuit substrate 1. Ultrasonic waves are
applied to the stud bumps 24a, 245 and Au contained in the
surfaces ol the electrodes 16 to bond the optical devices 2a, 25
to the first circuit substrate 1. Next, resin 52 transparent to the
wavelength of light to be used in the module 1s 1mnserted nto
gaps formed between the surface layer 13 of the first circuit
substrate 1 and the optical devices 2a and 2b. Then, the resin
52 1s hardened. In the present embodiment, silicone resin 1s
used as the resin 52. In this way, a structure shown 1n FIG. 5B
1s formed. Then, the thin film wiring layer 3 1s formed on the
structure shown 1n FIG. 5B. The vias 32 are formed in the
insulating resin to electrically connect the optical devices 2a
and 25 to the electrodes 16 formed on the surface layer 13 of
the first circuit substrate 1 after the formation of the first
insulating layer 31 of the thin film wiring layer 3 in the same
way as the first embodiment. The through-holes 32 are not
located on the electrodes of the optical devices 2a and 26 1n
the present embodiment although the though-holes are
located on the electrodes of the optical devices 2a and 26 1n
the first embodiment. In the present embodiment, the
through-holes 32 are located on the electrodes 16 (of the first
circuit substrate 1) electrically connected to the optical
devices 2a and 2b (refer to FIG. 5C)). After that, the module

1s formed 1n the same manner as the formation described in
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the first embodiment. The electrical wirings 31 and 34 of the
thin film wiring layer 3 are not directly connected to the

clectrodes of the optical devices 2a and 26 and are electrically
connected to the electrodes 16 (of the first circuit substrate 1)
that are electrically connected to the optical devices 2a and 25
(refer to FIGS. 5D to 5F).

When each of the optical devices 2a and 25 has electrodes
on 1ts upper and lower surfaces, the module 1s formed accord-
ing to the first and third embodiments. Specifically, the elec-
trodes 23a and 235 (located at the side of the first circuit
substrate 1) of the optical devices 2a and 25 are connected
with the vias 32 through the electrodes 16, while the elec-
trodes (located at the side opposite to the side of the first
circuit substrate 1) of the optical devices 2a and 26 are
directly connected with the vias 32. The photoelectric com-
posite wiring module according to the third embodiment and
the photoelectric composite wiring module according to the
first and third embodiments are applicable to the second
embodiment describing the photoelectric composite wiring
module having the optical devices mounted on the second
circuit substrate.

Fourth Embodiment

A photoelectric composite wiring module according to the
fourth embodiment of the present invention 1s described with
reference to FIG. 6. In the first to third embodiments, the LSI
4 1s mounted only on the wiring layer 3. In the fourth embodi-
ment, the L.SI 4 1s separated and mounted 1n the same layer as
that 1n which the optical devices 2a and 26 are located. In the
fourth embodiment, the separated parts of the LSI 4 are
denoted by reference numerals 44a and 44b. The separated
part (LSI) 44a 1s a driver that drives the light emitting device
(optical device) 2a. The separated part (ILSI) 445 1s a transim-
pedance amplifier that converts a photocurrent of the light
receiving device (optical device) 256 into a voltage and ampli-
fies the voltage. In FIG. 6, reference numeral 43 denotes an
L.SI1n which functions associated with the LSIs 44a and 445
are removed from the LSI 4 described 1n the first to third
embodiments. The insulating layers 31 and 34 are located on
the LSIs 44a, 445 and the optical devices 2a and 25. The LSI
d44a 1s connected with the optical device 24 and the electrode
pad 36, while the LLSI 445 1s connected with the optical device
2b6 and the electrode pad 36.

A method for manufacturing the photoelectric composite
wiring module according to the fourth embodiment 1s per-
formed 1n accordance with the manufacturing method of the
third embodiment shown 1n FIGS. 5A to SF. That 1s, stud
bumps made of Au are formed on electrode pads of the LSIs
d4a and 44b before bonding of the LSIs 44a and 445 to the
first circuit substrate 1. Ultrasonic waves are applied to the
stud bumps and Au contained in the surfaces of the electrodes
16 to bond the LSIs 44a, 445 to the first circuit substrate 1.

The following bonding method may be performed to
mount the LSIs 44a and 44b5. The LSIs 44a and 44bH are
bonded to the first circuit substrate 1 under the condition that
circuit surfaces (upper surfaces) of the LSIs 44a and 445b are
located on the upper sides of the LSIs and electrically con-
nected to the electrode pads 36 before electrical connection of
lower surfaces of the LSIs. An adhesive used to fix the LSIs
d44a and 445 does notneed to be transparent since the adhesive
1s not located 1n a region in which an optical signal 1s trans-
terred. It 1s desirable 1n terms of simple manufacturing pro-
cess that the method for electrically connecting the optical
devices 2a and 2b to the first circuit substrate 1 and the
clectrode pad 36 be the same as the method for electrically
connecting the L.SIs 44a and 445 with the first circuit sub-
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strate 1 and the electrode pad 36. Both the electrical connec-
tion method described 1n the first embodiment and the elec-

trical connection method described 1n the fourth embodiment
may be used to electrically connect the LSIs 44a and 445 with
the first circuit substrate 1 and the electrode pad 36 and
clectrically connect the optical devices 2a and 256 with the first
circuit substrate 1 and the electrode pad 36, depending on
where the electrodes of the optical devices 2a and 26 and the
L.SIs 44a and 44b are located.

In the present embodiment, the LSIs 44a and 445 are
located 1n the same layer as the optical devices 2a and 2b. The
[.SIs 44a and 445 may be located in another layer included 1n
the thin film wiring layer 3.

Fifth Embodiment

Next, a photoelectric composite wiring module according
to the fifth embodiment of the present invention 1s described
with reference to FIGS. 7 and 8A to 8F. FIG. 7 1s a cross-
sectional view of the photoelectric composite wiring module
according to the fifth embodiment. FIGS. 8 A to 8F are sche-
matic diagrams showing a method for manufacturing the
photoelectric composite wiring module according to the fifth
embodiment. The photoelectric composite wiring module has
a lens 101a on an optical axis extending between the edge
portion 15 of one of the optical waveguides 11 and the optical
device 2a. Also, the photoelectric composite wiring module
has a lens 1015 on an optical axis extending between the edge
portion 15 of the other optical waveguide 11 and the optical
device 2b. This structure improves the optical coupling eifi-
ciency.

Theoptical devices 2a and 25 are mounted above the lenses
101a and 1015, respectively. Light output from the optical
device 2a spreads 1n a certain range. However, since the lens
101a 1s placed on the optical axis, the light 1s focused on and
elficiently coupled to the optical waveguide 11 by means of
the lens 101a. The focal length of the lens 101a 1s determined
by an existing calculation formula for optical coupling on the
basis of the beam spreading angle of the optical device 2a, the
dimension of a core of the optical waveguide 11, positional
relationships between the parts (optical device 2a, optical
waveguide 11, and lens 101a), etc. such that the optical cou-
pling efficiency and positional misalignment tolerance are
satisfactory. Light output from the optical waveguide 11
spreads 1n a certain range and 1s focused by the lens 1015.
Then, the light receiving device (optical device) 26 efficiently
receives the focused light at 1ts aperture. The focal length of
the lens 1015 1s determined 1n the same way as the lens 101a.
Configurations of the photoelectric composite wiring module
according to the present embodiment other than the structure
described above are the same as those of the photoelectric
composite wiring module according to the first embodiment.

The following describes the method for manufacturing the
photoelectric composite wiring module shown 1n FIG. 7 with
reference to FIGS. 8A to 8F. FIG. 8A shows a process of
fixing the optical device 2a to the lens 101aq and fixing the
optical device 25 to the lens 1015. The light emitting point of
the optical device 2a 1s aligned with an optical axis of the lens
101a. The light receiving surface of the optical device 25 1s
aligned with an optical axis of the lens 1015. Then, the optical
device 2a 1s fixed to the lens 101aq by means of a bonding
material 53 attached to the lens 101qa, and the optical device
2b1s fixed to the lens 1015 by means of a bonding material 53
attached to the lens 1015. The bonding materials 53 may be
solder. Preferably the lens 101¢q includes a concave portion
having a curved and convex surface facing the optical device
2a to prevent the lens 101aq and the optical device 2a from
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being 1n contact with each other, as shown i FIG. 8A. Also,
preferably the lens 1015 includes a concave portion having a
curved and convex surface facing the optical device 25 to
prevent the lens 1015 and the optical device 25 from being in
contact with each other, as shown in FIG. 8A. The optical
devices 2a and 25 may have respective curved lens surfaces
(not shown) at the side of the first circuit substrate 1. Also, the
optical devices 2a and 26 may have dual lens systems. That 1s,
the optical devices 2a and 25 having the curved lens surfaces
may be fixed to the lenses 101a and 1015, respectively. In the
process ol fixing the optical device 2a to the lens 101a and
fixing the optical device 26 to the lens 1015, the optical
devices 2a and 26 need to be aligned with the edge portions of
the optical waveguides 11 to efficiently achieve optical cou-
pling between the optical waveguides 11 and the optical
devices 2a and 2b. For such a purpose, a mounting device
(mounter or bonder) used to mount the optical devices 2a and
26 on the lenses 101a and 1015 has a necessary degree of
mounting accuracy.

The thus-formed structure having the optical device 2a and
the lens 101qa, and the thus-formed structure having the opti-
cal device 246 and the lens 1015, are mounted on the surface
layer 13 of the first circuit substrate 1 so as to achieve the
optical coupling between the optical devices 2a, 25 and the
optical waveguides 11 (refer to FIG. 8B). Thus, a structure

shown 1n FIG. 8B i1s formed. An adhesive 51, which 1s trans-

parent to the wavelength of the light to be used in the module,
1s used to bond the lenses 101aq and 1015 with the first circuit
substrate 1. A method for coating the adhesive 51 1s the same
as the adhesive coating method described 1n the first embodi-
ment. A mounting device used to mount the structures has a
necessary degree of mounting accuracy. The lenses 101a and
1015 may be first mounted on the first circuit substrate 1, and
then the optical devices 2a and 256 may be mounted on the
lenses 101a and 1015, respectively. An opaque adhesive by

which optical paths 1s not obstructed may be used as the
adhesive 51.

The lenses 101a and 1015 may be fixed to the first circuit
substrate 1 by soldering as long as the surfaces of the optical
devices 2a and 256 can be metalized at the side of the circuit

substrate 1. When side surfaces of the lenses 101a and 1015
and side surfaces of the optical devices 2a and 2b are sub-
stantially matched, the structures are suitable for the forma-
tion of the msulating layer 31.

The photoelectric composite wiring module according to
the fifth embodiment can be easily assembled compared with
conventional techmques, similarly to the assembling of the
module according to the first embodiment. Since the lenses
are used, the photoelectric composite wiring module has a
light focusing effect and a higher optical coupling efficiency.
Air layers are present between the optical devices 2a, 26 and
the lenses 101a, 1015. The structures may include bonding,
materials surrounding the air layers. In this case, dust or the
like 1s not attached to inner surfaces of the structures. Thus,
reduction 1n optical output of the module according to the
present embodiment does not occur.

The thin film wiring layer 3 1s formed on the structure
shown 1n FIG. 8B (refer to FIGS. 8C and 8D). Procedures
(shown 1n FIGS. 8C and 8D) for forming the thin film wiring
layer 3 are the same as the procedures described in the first
embodiment with reference to in FIGS. 2C and 2D. Lastly, the
[.SI14 1s mounted on the thin film wiring layer 3 (refer to FIG.
8F). In this way, the photoelectric composite wiring module
according to the fifth embodiment 1s completed. The photo-
clectric composite wiring module according to the fifth
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embodiment may have redundancy 1n the same manner as the
photoelectric composite wiring module according to the first
embodiment.

Sixth Embodiment

Next, a photoelectric composite wiring module according
to the sixth embodiment of the present invention 1s described
with reference to FIG. 9. In the first to third embodiments,
heat generated by the optical devices 1s released by means of
the electrical wiring that 1s connected with the electrodes of
the optical devices and 1included 1n the thin film wiring layer.
The photoelectric composite wiring module according to the
sixth embodiment, however, has a structure that allows heat
generated by the optical devices to be efficiently released.

The photoelectric composite wiring module according to
the sixth embodiment has conductive pads 17. The conduc-
tive pads 17 are located near the optical devices 2a and 256
mounted on the first circuit substrate 1, respectively. A highly
conductive bonding material 53 1s used to bond the optical
devices 2a and 2b with the electrode pads 17 1n order to
improve a heat-releasing property. In the present embodi-
ment, solder 1s used as the highly conductive bonding mate-
rial 53, and the optical devices 2a and 26 have metal pads
made of Au on their surfaces at the side of the first circuit
substrate 1 1n order to connect the optical devices with the
solder. The photoelectric composite wiring module according,
to the sixth embodiment has an upper conductive layer 18
formed widely on the upper surface of the first circuit sub-
strate 1. The conductive pads 17 are connected with the upper
conductive layer 18. The upper conductive layer 18 extends
through the outside of a projection plane when the LSI 4 1s
projected on the first circuit substrate 1 to the periphery or
outer edge of the first circuit substrate 1, with the upper
conductive layer 18 serving as a heat spreader. The photo-
clectric composite wiring module according to the sixth
embodiment also has a heat-releasing via 19 and a lower
conductive layer 18. The lower conductive layer 18 1s located
on the lower surface of the first circuit substrate 1. The upper
and lower conductive layers 18 are connected with the heat-
releasing via 19 to release the heat generated by the optical
devices to the lower conductive layer 18. The upper conduc-
tive layer 18 1s connected with a heat-releasing via 37 formed
in the thin film wiring layer 3. The heat generated by the
optical devices 1s also transferred to the heat-releasing via 37.
The module according to the present embodiment has a heat-
releasing fin 71 serving as a heat-releasing member. The
heat-releasing via 37 1s connected with the heat-releasing fin
71 by means of a solder conductive bonding material in the
thin {ilm wiring layer 3. The heat-releasing fin 71 releases the
heat generated by the optical devices 2a and 2b. This structure
allows the heat generated by the optical devices to be effi-
ciently released. Thus, operational characteristics of the pho-
toelectric composite wiring module are stabilized.

In the present embodiment, the conductive pads 17 and the
conductive layers 18 are used only as heat-releasing conduc-
tive members. The conductive pads 17 and the conductive
layers 18 are electrically msulated from the electrical wirings
of the first circuit substrate 1 and from the electrical wirings of
the thin film wiring layer 3 although the insulation 1s not
shown 1n FIG. 9. The conductive pads 17 and the conductive
layers 18, however, may serve as the electrodes of the optical
devices. Also, the conductive pads 17 and the conductive
layers 18 may serve as ground wirings. In this case, the
conductive pads 17 and the conductive layers 18 may be
clectrically connected with the electrical wirings of the first
circuit substrate 1 and the like. The photoelectric composite
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wiring module has first to third heat-releasing paths. The first
heat-releasing path extends through the upper conductive
layer to the periphery or outer edge of the first circuit substrate
1. The second heat-releasing path extends through the heat-
releasing via 19 included in the first circuit substrate 1. The
third heat-releasing path extends through the heat-releasing
via 37 included in the thin film wiring layer 3. The photoelec-
tric composite wiring module may have only one or two of the
three heat-releasing paths depending on the entire structure of
the module, the amount of the heat generated by the optical
devices and the like. The heat-releasing fin 71 may not be
provided. The photoelectric composite wiring module may
have a conductive block without a fin, or have a water cooling,
jacket without a fin. The heat-releasing fin 71 may be inte-
grated with a cooling structure of the LSI 4. Alternatively, the
heat-releasing fin 71 may be applied to the structure (shown in
FIG. 3) having the optical devices included in the second
circuit substrate.

Seventh Embodiment

The seventh embodiment describes the photoelectric com-
posite wiring module according to the present mvention,
which 1s applied to a transmission device, with reference to
FIG. 10. It should be noted that the electrical wirings of the
first circuit substrate 1 and electrical wirings of a parent
circuit substrate 82 are not illustrated in FI1G. 10 for simplic-
ity.

In FI1G. 10, electrical power 1s supplied to the first circuit
substrate 1 from a power source or the like. In this case, the
clectrical power 1s input from a back surface of the first circuit
substrate 1. In the present embodiment, the first circuit sub-
strate 1 1s bonded to the parent circuit substrate 82 by means
of solder bumps 81. The first circuit substrate 1, however, may
be connected to the parent circuit substrate 82 by means of a
pin or an electrical connector. A high-speed optical signal 1s
coupled by an optical connector 83. In the present embodi-
ment, the first circuit substrate 1 receives an optical signal
from an optical fiber 84. The first circuit substrate 1, however,
may receive an optical signal from an optical waveguide film,
a circuit substrate having an optical transmission channel, or
the like.

In the present embodiment, the photoelectric composite
wiring module (shown in FIG. 1) according to the first
embodiment 1s used. However, the photoelectric composite
wiring modules according to the second to fourth embodi-
ments may be applied to the seventh embodiment.

According to the present invention, the photoelectric com-
posite wiring module 1s capable of transferring a signal at
high speed, stably operating with reduced power, and being
casily assembled with high yield. In addition, a transmission
device using the photoelectric composite wiring module
according to the present invention can be achieved.

What 1s claimed 1s:

1. A photoelectric composite wiring module, comprising:

a first circuit substrate having an optical waveguide in
which an optical signal propagates;

an optical device mounted on a surface of the first circuit
substrate and optically coupled to the optical waveguide;

an 1sulating film formed on the first circuit substrate and
the optical device;

a wiring pad mounted on the insulating film;

an electrical wiring connecting the optical device with the
wiring pad; and

a first semiconductor device mounted on and electrically
connected with the wiring pad;
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wherein the optical device 1s located on the surface of the
first circuit substrate, the surface of the first circuit sub-
strate facing a side where the first semiconductor device
1s provided, the surface of the first circuit substrate being,
within a plane which projects the first semiconductor
device on the surface of the first circuit substrate,

wherein the first substrate has both a territory in which the
insulating film covers the optical device and a territory
not covered by the insulating film, and an optical con-
nector for optically coupling the optical waveguide and
an external optical element provided in the territory not
covered by the insulating film,

wherein the optical device and the wiring pad are con-

nected with each other by means of a via formed 1n the
insulating film,

wherein the optical device has an electrode that 1s located at

the side of the first semiconductor device and connected
with the via, and

wherein the wiring pad 1s located directly above the elec-

trode of the optical device and wherein the electrode, the
via, the wiring pad and a bump are all vertically aligned
1n a straight line.

2. The photoelectric composite wiring module according to
claim 1, wherein

the optical device 1s located between the first semiconduc-

tor device and the optical waveguide.

3. The photoelectric composite wiring module according to
claim 1, wherein the optical device 1s located between the
wiring pad and the optical waveguide.

4. The photoelectric composite wiring module according to
claam 1, further comprising a second circuit substrate,
wherein

the optical device 1s mounted on the second circuit sub-

strate and located at the side where the first circuit sub-
strate 1s provided.

5. The photoelectric composite wiring module according to
claim 1, further comprising a lens located on an optical axis
extending between the optical device and the optical
waveguide.

6. The photoelectric composite wiring module according to
claim 1, wherein

the first circuit substrate has a first conductive layer on the

first surtace of the first circuit substrate,

the first conductive layer 1s connected with the optical

device and located at the side where the optical device 1s
provided,

the first conductive layer extends to the outside of the

projection plane of the semiconductor device.

7. The photoelectric composite wiring module according to
claim 6, wherein

the first circuit substrate has a second conductive layer on

a second surface of the first circuit substrate, the first and
second surfaces facing each other, and

the first and second conductive layers are connected with

cach other by means of a via.

8. The photoelectric composite wiring module according to
claim 6, further comprising a heat-releasing {in provided on
the msulating film and connected with the first conductive
layer.

9. A transmission device comprising the photoelectric
composite wiring module described 1n claim 1, wherein

the optical waveguide has an edge portion that 1s optically

coupled to an optical fiber and located at the side oppo-
site to the side on which the optical device 1s optically
coupled to the optical wavegumide, and
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the electrical wiring of the photoelectric composite wiring
module 1s electrically connected with an electrical wir-
ing located outside the module.
10. A method for manufacturing a photoelectric composite
wiring module, comprising the steps of:
providing a first circuit substrate having an optical
waveguide
mounting an optical device on the first circuit substrate to
ensure that the optical device 1s optically coupled to an
edge portion of the optical waveguide;
forming an msulating film on the first circuit substrate with
the optical waveguide and the optical device being situ-
ated with the optical device optically coupled to the
optical waveguide;
forming an electrical wiring in the insulating film to ensure
that the electrical wiring 1s connected with the optical
device;
forming a wiring pad on the insulating film to ensure that
the wiring pad 1s connected with the electrical wiring;
and
connecting the wiring pad to a semiconductor device,
wherein the optical device and the wiring pad are con-
nected with each other by means of a via formed 1n the
insulating film,
wherein the optical device has an electrode that 1s located at
the side of the first semiconductor device and connected
with the via, and
wherein the wiring pad 1s located directly above the elec-
trode of the optical device and wherein the electrode, the
via, the wiring pad and a bump are all vertically aligned
in a straight line.
11. The manufacturing method according to claim 10,
wherein
the semiconductor device 1s located above an area at which
the optical device 1s provided.
12. The manufacturing method according to claim 11,
wherein
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the optical device 1s located between the semiconductor

device and the optical waveguide.

13. The manufacturing method according to claim 10,
wherein the optical device 1s located between the wiring pad
and the optical waveguide.

14. The manufacturing method according to claim 10,
wherein

the photoelectric composite wiring module has a second

circuit substrate, and

the optical device 1s mounted on the second circuit sub-

strate and located at the side where the first circuit sub-
strate 1s provided.

15. The manufacturing method according to claim 10, fur-
ther comprising the step of placing a lens on an optical axis
extending between the optical device and the optical
waveguide.

16. The manufacturing method according to claim 10,
wherein

the first circuit substrate has a first conductive layer on a

first surtace of the first circuit substrate,

the first conductive layer 1s connected with the optical

device, and

the first conductive layer extends to the outside of the

projection plane of the semiconductor device.

17. The manufacturing method according to claim 16,
wherein

the first circuit substrate has a second conductive layer on

a second surface of the first circuit substrate, the first and
second surfaces facing each other, and

the first and second conductive layers are connected with

cach other by means of a via.

18. The manufacturing method according to claim 16, fur-
ther comprising the step of mounting a heat-releasing fin on a
via that 1s formed on the msulating film and connected with
conductive layer.
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